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Overview of Project

The Town of Concord, MAvoted to align its energy goals witthe Massachusetts Global Warming
Solutions Act of 2008 to achieve 80% reduction by 2050 from a 2008 baseliAe interim target of a
25% reduction by 2020 was algat in place. In 2018, the Town of Concordupdated their 2008
community wide greenhouse gas (GHG) emissions inveatmhyadded another baselinestudy year of
2016 Kim Lundgren Associates, Inc. (KLA) was hirsthtwlardize an@¢onduct the inventoriesanalyze
results, review the reduction potential offive emissions reduction strategies, and evaluate those
potentials visa-visa shortterm 2080 GHG reduction targetTheTownconfirmed five specific strategies
to be assessed for their potential to reduce GHG emissidhg reduction potential analysigas based
on best available data and potential scenariohis report is the culmination of that research and
analysis.

Greenhouse Gas Emissions Inventory

The2008 and2016 GHGemissions inventoriesvere used as a guide to identify appropriate strategies
that could best aid th&ownin reducing its GHG emissionBased on theesults Townpriorities, and

trends that will shape future emissions profiles for Concord, five strategies were sethatquertain to
reducing emissions from the Buildingsarsportation and Electricity Generatiosectors These are the
largest sources of emissions in Concord and will therefore have the greatest impact in terms of reducing
emissions.
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Figurel. Concord Community GHG Emissions (M&®@ Sector Over Time
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Figure2. Shows the relative contribution of each source for both 2008 and 2016

Reduction Targset

In 2008 GHG emissions in Concord totaletb890 metric tons of carbon dioxide equivalent (MT£D

An 80%reduction of 2008 emissiondy 2050equates toan emissionsarget in that year 0f49,378

MTCQe. The 25% reduction by 2020 target equatestaoget emissions o0i85,167.5 MTC. This

more aggressive shoterm target underscores the will to achieve &sions reductions sooner, with a
GedSkNIe LI OS¢ 2F NBR @l dodcglculatgd atSRBB MTGOred&8 per (1 K S
yeat. CNBY HAnun G2 HnpnX GKS aLI OS¢ 2F NBRdAZOGA2Yya Yy
target slows to 4,526.3 MICQe peryear ! f 2 y 3 (i Kahdusefulfdlr gupdses of comparison with

the reduction strategies outlined here, 2030 interim target would be 139,904.3 MTCQe, 43.33%

below the 2008 baseline arg9.94% below 2Q6 levels

Proposed Reduction Strategi

The reduction strategies were identified based on fmviQa DI D SYA daAizya Ay@Syaz
with Townstaff, and researchA highlevel analysis, which incorporated various assumptions and three
specific scenarios, was applied to each of theatsgies to determine thie potential to reduce GHG
emissions.The results of this analysis are estimates and are to be used only as guiddrecdegree to
which each strategy meets these potet reductions will depend omyriad variables associatedittv
how local prograns are designed and implementedregional and national trends supporting or
inhibiting related subject areas, and mor®f the three scenarios developed for each strateabg,low
case represents a fairly reliable conservativamplementation scenaridhat is likely to occur in status
quo. Themid case scenariavas modeled more aggressively than status quo expectations, while
remaining reasonably achievable with continued effort, support, and focus on reducing emisslons
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high cae scenario represents significant market transformation, exemplary achievement, and
remarkable progress by the year 2030 in each topic .arElae low and high case are therefore outer
boundaries of a range of reduction potential that may be observed by#ar 2030 in each area.

Finally, itis important to note that GHG emissions are not the ardtionale behind implemerting
sustainability strategies. Each strategy brings with it lhost of unique andconcurrent benefits to
Concord,from financial benefs to improved air qualityand more. Sustainability efforts very often
convey synergistic impacts with positive externalities such as beautification, increased quality of
services, efficiency of use, and more that are real benefits to residents of Conadrdal action, plan,

or initiative @trategy that carriesa comparablylower GHG reduction potentiathan some other
strategyshould not necessarily jgassed ovebased on tlat singular consideration

The low, mid, and high scenarios in the tableokekhow the raw GHG reduction potential, in MBE€0

of the implementation of five strategies by the year 2030, along with what percentage decrease these
amounts represent compared to the 2016 GHG inventdfgr examplethe low case scenario for the
future impact of stronger CAFE & Other Vehicle Standards has the potential to reduce emissions in
Concord by 8,253 MTG® 8,253 MTC4 represents &% of the 2016 Community Inventory total of
232,951 MTCe. The potential of various strategies can be comg@anethis way, apples to apples, and

the total potential of all 5 strategies (low, mid, and high) can be summed.

Strategy | low| % Mid %| High %
Electric Vehicle Incentives 3913 | 1.7| 13,797| 59| 25934 | 11.1
Air-Source Heat Pump Incentives 3865 17| 9333| 40| 16,061| 6.9
Energy Efficient Buildings (State Goal 14376 | 6.2 | 10,656| 46| 11,924| 5.1

Total 41,079| 17.6| 83,195| 35.7 ] 133,206 | 57.2

Tablel. GHG reduction potential by strategy.

Emissions Projection & the Potential Impact of Reduction Strategies

The emissions projection forecasts a "business as ugBAlU)growth trend also described in the 2016
Community Invatory Report that utilizes MAPC population projections and EOLWD regional occupation
projections Additional populationand employmentesult in an increase ianergy use oemissionsn

all sectors. The BAU is an assumption and estimate of the effeqbagfulation growth on emissions

which must be overcome to achieve the reduction targéfltimately the BAU forecast results in an
addition of 11,300 MTCS G2 / 2y O2NRQa SyYAiadaizya o0Si6SSy Hnwmc

Overcoming population growth is a challenge to megti®GHG reduction targets. However, a
comprehensive set of sustainability policies and programs can overcome future growth by reducing its
impact and addressing theot causes of emissions.

Thefollowing diagrans (low, mid, and highghow the emissions pregtions for Concord The black line
at the bottom represents thgpace to meetstated reduction targets Each colored wedge represerdas
reduction strateg andits estimated emissions reduction potential.
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Concord Low Case GHG Emissions Projection

) Business As Usual uses MAPC Population & EOLWD Occupation Projections
Tventory Implied 2030 Concord Population = 16,089
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Concord Mid Case GHG Emissions Projection
Business As Usual uses MAPC Population & EOLWD Occupation Projections
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Concord High Case GHG Emissions Projection

300,000
Business As Usual uses MAPC Population & EOLWD Occupation Projections
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Low Mid High
8,253 MTCg 15,279 MTCe 25,053 MTCé
9.7% 18.0% 29.6%
3.5% 6.6% 10.8%

Description of Strategy

Corporate Average Fuel Econom@AFE standards first enacted by
U.S. Congress in 19%e regulationsntendedto improvethe average
fuel economyfor cars and light trucks produced for sdle the U.S

mpg) passenger vehicles on the road. A major update in 2010 |
incremental improvements through2016 set the timetable for
increased CAFE standards through 2025 and added the first .
economy standards for medium and headyty trucks. Separately, EPA greenhouse gas (GHG) tailpipe
emissions regulations also apply to all vehicles, working in coordinationGMEE and medium/heavy

duty truck standards toward more efficient, less polluting vehicles. These standards together are
commonly referred to as the "National Program.”

In August 2018, the DOT and EPA proposed the Safer AffordabliEfficient (SAFE)eYicles Rule
which would eliminate pending increases @A and tailpipe emissionstandards byfreezingmodel
year 2020 standards for both programs through model year 2026 impact analysis of this rule
estimates that freezing standards at 2020 levefdl quickly result in lower fleet average miles per

Figure 2: Increase in annual US oil demand from freezing CAFE standards at 2020 levels Figure 3: Increase in annual emissions from freezing CAFE standards at 2020 levels
Thousand barrels per day CO; emissions in million metric tons (MMt)
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gallon, with a widening performance gap through 2025he same report forecasts that US 2025
emissions will bel6 to 37 nillion metric tons higher as a result of the rule, with US annual oil demand
increasing by 126,000 to 283,000 barrels of oil per day. A fact sheet produced by the DOT and EPA
regarding this rule gives an estimate of 500,000 barrels per day increase in fuel consumption.

The bottom line regarding future transportation GHG emissiarSoncord is that fuel efficiency and per
vehicle emissions should continue to improve until 2020, however the new rule creates a plateau effect
thereafter. Prior to this rule change, emissions could be expected to decline through 2025 and beyond.

Recogiring that there is a lot of detail associated with CAFE stantaru vehicle GHG emissions
regulation$, let's take a look at some of the main ideas and then apply the expected benefits to

/| 2y 02NRQa& O2YYdzyAid e 3INBSyY K2 daaddrdsgdnd theAchfsBlf gssogiatell d Co
vehicle GHG regulations, are likely to be the most effective mechanism by which GHG emissions
associated with transportation will be reduced in Concord, and across the US, in the coming years.

UnderstandingCAFEStandads- The Basics

CAFE standards affect only liglf rigure 1: impact of CAFE rollbacks on fleetwide fuel economy

Miles per gallon, new passenger vehicle fleet average (cars and light trucks), AE020I8 oil price scenarios

duty vehicles. The Departmen| 5,
of Energy infographic on the

-------- Obama Standards - High Qil Price
----- Obama Standards - Ref Qil Price

following page (figures| # Obama Standards - Low Oil Price
representing the prefule ---=-+ CAFE Freeze - High Qil Price
i ) . 40 ===« CAFE Freeze - Ref Qil Price
change timetable) highlights the CAFE Freeze - Low Oil Price
rise of CAFE standards over tim . Historical
for light duty vehicles and lés

ahead to 2025. In simplest | 4
terms, the average passenge
vehicle built in 2025 would be| %
able to go almost 3 times as fa
on the same amount of fuel ag 202000 2005 2010 2015 2020 2005 2030
the average passenger Veh|C| Source: EIA, NHTSA, Rhodium US Climate Service

built in 1978. In only 5 years, from 2011 to 2016, average efficiemagased by 17.5%. We've

amended the graphic to reflect the July 20b&d-term evaluation proces$echnical Assessment Report

(also known as the TAR), which revised estimates for 2025 fuel savings targets downward to between 50

and 52.6 miles per gallompg)® 2 SQ@S |t a2 AYRAOFIGSR wHnup /1 C9 tS@S
SAFE Vehicles final rule.

! https://rhg.com/research/sizingup-a-potential-fuel-economystandardsfreeze/

2 https://www.nhtsa.gov/sites/nhtsa.dot.gov/files/documents/rev_fact_sheet_cafe_nprm_by the_numberst@§pdf
8 http://www.nhtsa.gov/fueleconomy

4 https://www.epa.gov/regulationsemissionsvehiclesand-engines

® http://energy.gov/articles/545mpg-and-beyondfuelingenergyefficient-vehicles

6 https://www.nhtsa.gov/corporateaveragefuel-economy/lightduty-cafemidterm-evaluation
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.
| A HISTORIC LOOK AT THE STANDARDS
Fuel economy standards are set periodically to ensure that

vehicles are keeping up with the times -- here’s a snapshot of
how fuel economy standards have changed over time.

2025 TR o
42.5 50.0-52.6
SAFE TAR

While the overall CAFE mpg standards for passenger cars referenced on the infographic are a decent

rule of thumb, there is a lot of detail "underehhood" in CAFE regulations such as the actual formulae

for a manufacturer's yearly CAFE number, gignfees for CAFE shortfall and/or CAFE credits, gross

vehicle weight rating limitations, a Gas Guzzler Tax for cars that get less than 22.5 mpg, and more.
%Em g;‘i:ergn?;?:lsal Protection Office of Transpo rtBEt;OAr_la&l(iIBr-?:iT;'

Ageney March 2014
MPG: Label Values vs. Corporate Average Fuel Economy (CAFE) Values

Label MPG | CAFE MPG
1. Examples (MPG for average new car)
* Today (MY 2014): 24 * Today (MY 2014): 31
s 2025:40 e 2025:50
2. Where you'll find it
¢ On the Fuel Economy and Environment Label that is part of the s Corporate Average Fuel Economy regulations—The average fuel
window sticker on new vehicles on auto dealership lots economy of a manufacturer's annual fleet of vehicle production must
s Websites: Fueleconomy.gov — EPA/DOE comprehensive vehicle be at or above the defined standard ; see “Summary of Fuel Economy
website—and other vehicle search sites Performance” for details
* labels provide a single combined value, as well as separate city and * Press articles about these regulations

highway values; automakers and/or dealers sometimes display only
the highest of these three values

3. Purpose
s To provide consumers with a real-world MPG estimate they can use to s Toreduce energy consumption by increasing the fuel economy of cars
compare different vehicle models and light trucks

* Regulatory tool - Vehicle manufacturers are required to comply with
the CAFE standards, which increase every year, per the Light-Duty
Vehicle Greenhouse Gas Emissions Standards and Corporate Average
Fuel Economy Standards

CAFE & Other Vehicle Standards 9



Without going into every detail of these fuel efficiency regulatiot's,important to note that the CAFE

mpg values are different than the "window sticker" fuel economies consumers see at car dealehships.

a nutshell, the mpg test for CAFE is d#éfg than the mpg test for dealer window stickers. The CAFE
test uses ideal driving conditions, such as a flat/smooth surface and minimal braking, whereas window
sticker tests use real world driving conditions to model fuel efficiefgalership stickempgvalues are

more reliable and are generally 26% lower than CAFE valdesStarting with 2008 model year
vehicles, the EPA has overseen ghetocol formpgfigures presented to consumevghich more closely
representstoday's traffic, road conditionsandair conditioner usage.The same vehicle will have two
different mpg ratings for different purposes, and the dealer figuaee more useful for ouesimates.

This means that the 2025 average mpg target for new cars is more realistically3th 8@+ mpg range

not the 42.5 mpg CAFE value proposed by the SAFE Vehicles Rule. A more realistic mpg on the original
54.5 mpg CAFE value for 2025 would have been-43& mpg.

! https://nepis.epa.gov/Exe/ZyPDF.cqi/P100I[ENA.PDF?Dockey=P100IENA.PDF

CAFE & Other Vehicle Standards 10
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Medium and Heawviputy Vehicles

Rules for this category of vehicles are coetgly different than CAFE standards. Until 2014, there have
never been fuel efficiency standards for this category of vehicle in the United States. New regulations
involving fuel efficiency and also greenhouse gases have been implemented in two [2Gise2018
(phase one) and 2013027 (phase two). The phase two regulations also include standards for trailers
attached to semtrucks, requiring trailers to likewise pitch in with the performance of the trucks that
haul them® The final outcome of theseegulations is as follows:

1 Heavy Duty Pickup Trucks and Var&tandards for 2018 represent an average reduction in GHG
emissions of 17% for diesel vehicles and 12% for gasoline vehicles from 2010 levels. ByeR027,
economywill improve by 16% againpmpared to the 2018 standardsThe final 2027 figures are
therefore a 35.72% efficiency gain for diesel and 29.92% for gasoline vehicles since 2010.

1 Combination Tractorgalso known as sentiucks): 2017standards will achieve fror@% to23%
reduction inemissions and fuel consumption from affecteddtors over 2010 baselinésBy 2027,
fuel economy will improve b@4%again, compared to the 2017 standardsThe final 2027 figures
are therefore a 35.16% to 52.52% increase in efficiency for combina#otots since 2010.

1 Vocational Vehicles2017 standards for a wide variety of truck and bus types including delivery,
refuse, utility, dump, cement, transit bus, shuttle bus, school bus, emergency vehicles, motor
homes, tow trucks, and many more will ackeeemission reductions of 6% to 9% from a 2010
baseline. By 2027, fuel economy will improve2d again, compared to the 2017 standarde
final 2027 figures are therefore a 31.44% to 35.16% increase in efficiency for vocational vehicles
since 2010.

9 Trailers Pulled by Combination TractardNot included under Phase 1 standardsilers would
achieve a %reduction in fuel consumption by model year 2027.

Vehicles othe Road

The final piece of information to consider is that although new vehicles aegingestricter standards, it

takes time for new vehicles to thoroughly supplant older models on the roadway. Obviously, vehicles
are built to last for many years. The average age of cars and light trucks on the road has been
increasing, with consumers hging onto their cars and trucks for longer. The average age of cars and
light trucks, according to registered vehiglég a record 11.6 years in 2016.

8 http://www.nhtsa.gov.edgesuitestaging.net/About+NHTSA/Press+Releases/chihdafefinal-rule-
08162016.print

? https://www3.epa.gov/otag/climate/documents/420f11031.pdf

1% http:/www.c 2es.org/federal/executive/vehiclstandards#hdv_2014_to_2018

" https://www.energy.gov/eerelvehicles/articles/facd97-october-2-201 7-averageagecarsand-ight-truckswas
almost12-years
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Heavy duty vehicles exhibit mixed trends in average age by vehicle type and class, with some gross
vehicle weight categories becoming "newer" and some "older" on average. Overall, the average age of
commercial heavyluty vehicleds 14.8 years as of 2015.

Contribution to GHG Emissions Target

Federal fuel efficiency and GHG standards for vehicleskaly to be the largest contributing factor to
reducing emissions from the transportation sector in Condayr@030.

Given the multiple considerations of efficiency ranges for future dates, increasing average age of
vehicles on the road, possible shiftsnmodels produced by manufacturers in the future, and additional
considerations such as changes in the mix of vehicles that Americans buy in the coming years, exact
figures of emissions reductions are impossible to pinpoint. Thus, presenting a few scéloarjasid,

and high) for the kinds of reductions that Concord can expect to see by 2030 is the most appropriate.

According to the 2016 GHG inventory, transportation emissions represent®t &f Townwide
emissions aB4,754 metric tonsof CQ equivalent enissions (MTC#) out of atotal 232,951MTCQe
for all sectors

The following table (condensed here) was pulled from the6d@gentory showing a breakdown of VMT

by vehicle type, mpg, and other figures used to derive the overall transportation emidigiores Three
scenarios followregarding possible transportation emissions figures that could be observed by
conducting a GHG inventory inZ2® It is helpful to see them all on one pagen explanation follows:

2016 GHG Inventory

Vehicle Type Fuel Type % of Vehicle Mix VMT MPG Fuel Use (gallons) MTCOZ2e
Passenger VehiclesGasoline 60.6% 85,645,523 23.4 3,660,065 32,274
Light Duty Trucks Gasoline 32.4% 45,790,676 17.2 2,662,249 23,484
Passenger VehiclesDiesel 0.3% 423,988 25.9 16,370 1671
Light Duty Trucks Diesel 1.3% 1,837,280 19.0 96,69¢ 989
Heavy Duty Trucks Diesel 5.4% 7,631,779 2.8 2,725,635 27,841
TOTAL 100.0% 141,329,246 84,754
2030 Low Scenario |

Vehicle Type Fuel Type % of Vehicle Mix VMT MPG Fuel Use (gallons) MTCO2e
Passenger VehiclegGasoline 53.0% 80,817,568 28.1 2,878,119 25,374
Light Duty Trucks Gasoline 40.0% 60,994,391 20.6 2,955,155 26,053
Passenger Vehicle®Diesel 0.3% 457,458 311 14,719 150
Light Duty Trucks Diesel 1.3% 1,982,318 22.8 86,944 888
Heavy Duty Trucks Diesel 5.4% 8,234,243 3.5 2,352,641 24,03(
TOTAL 100.0% 152,485,978 76,501

2 http://press.ihs.com/presgelease/automotive/clas8-commercialvehiclescontinuedrive-overaltus-
commercialvehiclede
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2030 Mid Scenario |

Vehicle Type Fuel Type % of Vehicle Mix VMT MPG Fuel Use (gallons) MTCO2e
Passenger VehiclesGasoline 60.6% 92,406,503 30.4 3,037,689 26,786
Light Duty Trucks Gasoline 32.4% 49,405,457 22.4 2,209,546 19,48(
Passenger Vehiclediesel 0.3% 457,458 33.7 13,587 139
Light Duty Trucks Diesel 1.3% 1,982,318 24.7 80,256 820
Heavy Duty Trucks Diesel 5.4% 8,234,243 3.8 2,178,371 22,25(
TOTAL 100.0% 152,485,978 69,474
2030 High Scenario|

Vehicle Type Fuel Type % of Vehicle Mix VMT MPG Fuel Use (gallons) MTCOZ2e
Passenger VehiclesGasoline 60.6% 92,406,503 35.1 2,632,664 23,211
Light Duty Trucks Gasoline 32.4% 49,405,457 25.8 1,914,940 16,882
Passenger VehiclesDiesel 0.3% 457,458 38.9 11,775 120
Light Duty Trucks Diesel 1.3% 1,982,318 28.5 69,555 717
Heavy Duty Trucks Diesel 5.4% 8,234,243 4.5 1,838,00 18,77
TOTAL 100.0% 152,485,978 59,701

Assumptions and Calculations

Forall of the 2030 scenarios, 2030 VMT figures for Concord were modeled based on a linear growth rate
of 0.64% per year applied to 2008 VMT. The 0.64% linear growth rate is an average of 0.56%, the yearly
average population growth rate observed for tH@wn from 2008 to 2016, and 0.73%, the yearly
average VMT growth rate from 2008 to 2016 (noting that proxy year data was used for VMT fotals).

other words, 2030 VMT is modeled to be 14.16% higher than 2008 VMT and 7.89% higher than the 2016
VMT figures.The growth in VMT are distributed across vehicle categories according to their % of vehicle

mix.

In the low, or most conservative estimate, the % of vehicle mix was revised downward for passenger
vehicles and that difference shifted into the light duty dkucategory, which increases emissions. It is
important to keep in mind that the vehicle mix can change in coming years depending on consumer
purchasing preferences. Automotive purchasing trends suggest that with cheaper fuel costs, American
vehicle purbases shift toward larger vehicles. There is no way to predict the extent of fuel pricing
trends going forward, but this shift acknowledges the trend. Keeping in mind that the opposite trend
can occur at any time, the mid and high scenarios maintairsétme vehicle mixes as observed in 2016

data.

Additionally, in the low or most conservative estimate, passenger vehicles and light duty trucks vehicles
observe a modest increase of 20% in their fuel efficiency from 2016 to 2030. This estimate heavily
weights the concept of eveincreasing age of vehicles continuing to be used as primary transportation
rather than being registered but mostly garaged or used as a-tpalehicle. These figures are roughly

the realistic average mpg of vehicles produced in&Q4ith the CAFE average adjusted downward by

'3 http://www.concordnet.org/DocumentCenter/View/3527/Concoi2D11-EnergyMaster-PlanPDFand the

Concord, MA 2016 GHG Inventory.

CAFE & Other Vehicle Standards
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20%. Heawduty trucks see a 25% increase in efficiency, less than half of the expected gains and
without factoring in efficient trailers.

The mid scenario represents a compromise between the low and higlagesnwith passenger vehicles
and light duty trucks seeing an increase of 30% in their fuel efficiency. {detwyrucks are 35% more
efficient.

The high scenario represents strong market transformation in fuel efficiency across all categories.
Passengr vehicles and light duty trucks are 50% more efficient, slightly above thevoeld adjusted
(20-25% discount) CAFE numbers for 2025 after the implementation of the SAFE vehicle rule. With
many car manufacturers ahead of CAFE regulations, a strorsymmen appetite for new vehicles, and
penetration of new technologiesit is entirely possible that these figures may be seen in 2030. Heavy
duty trucks are 60% more efficient, factoring in the effect of efficient trailers.

In all cases, despititure growth in overall VMT, transportation emissions are expected to decrease in
Concord thanks to federal fuel efficiency and GHG emissions standards for vehicles.

CAFE & Other Vehicle Standards 14
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Electric Vehicle IncentiveRedution Potential Summary Table
Scenario Low (1,000 EVs) Mid (3,000 EVs) High (5,000 EVs)
Transportation Sector GH
Emissions Reduction by 203( 3913MTCQe 13,797MTCQe 25934MTCQe
%  Reduction of 201(
Transport Emissions (84,75 4.6% 16.3% 30.6%
MTCQe)
% Reduction of 2016 Overa

0, 0 0,
Inventory 32,951 MTCGe) L.7% A L

Description of Strategy

Encouraging the shift toward electric vehic(&y/swill significantly reduce GHG emissions and improve
air quality in ConcordIincreagd adoption of EVsan be accomplished with a combined approach of:

1 Converting more of th&ownfleet to electric vehicles.
1 Continuously expanding EV charging infrastructure throughout the community.
1 Providing incentives and education for local businesses and residents.

Accading to the ChargeHub databa$t which draws on data from th®epartment of Energy's
alternative Fuels Data Centdhere are 149 public charging station ports (Level 2 and Level 3) within
15km of Concord® 100% of the ports are Level 2 charging portd 46% of them are offered for free.
Additionally, local citizens and businesses have installed a good number of private charging stations for
their everyday use. An evexpanding network, a growing user base, and sustained supporting efforts
for EV deplyment are great signs that this strategy can reap strong benefits for Concord in coming
years. Concord has emerged as a leader in Massachusetts and across the US in EV deployment.

“ https://chargehub.com/en/countries/uniteestates/massachusetts/concoratmi?city_id=3062
1o http://www.afdc.energy.gov/fuels/electricity locations.html
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Supporting Programs

Concord has a good number of programs in place to erage Townresidents to purchase and use
St SOGNRO OSKAOfSa Ay GKS Y2aild STFSOUGUADS slLex dzyf 2
money.

1
1

1

The EV Level 2 Program provides a flexible $250 rebate for setting up charging stations.

The EV Mds Progranprovides a monthly bill rebate for residents who schedule their EV to charge
off-peak®’

Information about EVs is available online Tmwnresidents including links to more resourcés.

EV purchasers would be wise to take advantage of fedesdk,stnd other assistance as well.

1

A federal tax credit offers up to $7,500 per vehitiend, for qualifying organizations, the Public

Transit Innovation Prograffior the Low or No Emission Vehicle Prograran provide more funds.

Assistance and potentially 2 NB Fdzy RAy3 YIe& 6S KIFIR GKNRdzAK (KS
Cities Coalition, specifically Massachusetts Clean Eties.

State programs include the M@R/ rebate of up to %500 per vehicl€ and, for qualifying
organizations, the MassEVIP Program féer Workplace Chargifginitiatives.

Green Energy Consumers Alliance offers the impressive Drive Green discount program, and many
dealers offer significant perks of their own for EV customers.

' http://www.concordma.gov/2233/EM.evel2-Program

" http://www.concordma.gov/2240/EMMiles-Program

18 http://www.concordma.gov/2169/Electrid/ehicles

19 https://lwww.irs.gov/busnesses/plugn-electricvehiclecredit-irc-30-and-irc-30d
20 https://www.transit.dot.gov/funding/grants/publietransportationrinnovation5312
2 https://www.transit.dot.gov/funding/grants/lowno

% https://www.mass.gov/massachusettseancitiesalternativetransportation

2 https://mor-ev.org/

? https:/www.mass.gov/howto/massevipfleets

% https://www.mass.gov/howto/massevipworkplacecharging

* https://www.greenenergyconsumers.org/drivegreen
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The MOREV Program
website shows strong

2014 2015 2016 2017 2018 Applicant: County

800 (A - demand for EV relias
Zip Cods in Concord and the
500 surrounding area. 158

Application Received Date

June 2014 Seplember 2018 rebate applications
a D )
were received between

400

Number of Rebates

June 2014 and

- BEv s42 1 September 2018 from
1 lII“ I ey s | the 01742 postal code
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Vehicle Cat: . BEV W PHEV+ PHEV W zZEM Issued . ;
B only slightly behind

- ) - BEV $11,528,000
mev e | 02478 (Belmont) at 165
= City H

PHEV $3,542,500 rebates and 02421

Dealer or Store

Tesla Motors Inc Multiple - ZEM $16,500 )
Quirk Chevralet Brainiree 1,009 [ ] Grand Total 520,759,500 (Lexngton) at 164.
Mirak Chevrolet Arlington 91 BEV PHEV Rebales by Vehicie Make Concord had the
Herb Chambers BMW Allston 176 Tesla 5049 Second mOSt rEbatES by
Muzi Ghevrolel et 170 Chevrolet 2556
Toyota 1,109 1
Smart Center Boston Somerville 165 Ford 796 le at the end Of 2017’
Nissan 691 . .
Herb Connolly Chevrolet Framingham 163 EMVg §Eg but LEXIngtOH Clalmed
onda 3
Acton Toyota of Littleton Littieton 156 Smart 217 1
e gen |1 second place during the
Marcotte Ford Holyoke 139 Chrysler 172 Course Of the ear
2 - al 7 Chs Kia 153 .
Colonial Chevrolst Acion PPrall Drivers Who Have or Plan to Install a Level 2 Charger e L y

Volvo a7

Boch Chevrolet Morwood 116 Ilochlger Hyundai 53 Mlddlesex County tallles
64.0% 36.0% i 4
— — over 42% of overall

participation at 4,295 rebates to date, far in the lead of NtkiGounty in second place at 1,419 rebates.
2018 was a strong yeéor the MOREYV rebate program with all of the funding issued and reserved as of
September. A major reason for the demand spike was opening the program to EV leases, with the
requirementthat EV leases last at least 3 years. A $2500 rebate on aykesdease is a compelling

offer. Demand for rebates went vertical in Septem2&18with over 798 rebates reserved or issued.
Demand was so strong in September that the left chart axigdée resized if that month is included.

509 of those 798 rebates were captured by Middlesex County (64%). This is great news for EVSs in
Concord, because a strong presence in terms of other EVs and charging stations in the larger region
strengthens theoverall market. The EV market is moving beyond early adopters in Massachusetts, and
the epicenter of the transformation lies in Concord and the surrounding areas.

Estimated GHG Emission Reductfon€oncord

Strong evidence that a market shift towarceetric g

NERdzOAY3 /2yO2NRQa DI D r e — P = LY UAL S
number of fossil fuel vehicles converted to electr§ a p

by a given year can be raised with great
confidence of meeting those targets.
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The primary barriers to widespread adoption of EV technology are the price of the vehicles, the
functionality of the vehicles' range, and the availability of public and private charging infrastructure. In
terms of pricethe new 2019 Chevy Bolt is a landmark for pushing the price of EVs down to levels that
are affordable for a greater share of today's drivers at $37,495 MSRP. The Drive Green discount
program lists a dealer that has Bolts available at a price point o#83240% off MSRP). The Bolt is
designed to look and feel more like a traditional compact car, extending the reach of EVs in terms of
vehicle types to a wider audience. Tesla and other brands offer luxury models that have intrigued the
public with theirexceptional performance and style. In short, the number of manufacturers and models
is increasing and a great bargain can be had in Massachusetts. There are more EVs to choose from at
lower price points, and with better performance, every year. As EXn@logy continues to march
forward in terms of affordability and effectiveness, this barrier to deployment diminishes. In terms of
OKFNBAY 3 AYTNI adNUHOGdzZNBzZ [/ 2y O20NtFRofehicle dddl Ehardidyl2 I NI Y
stations regionally areall positive signs indicating the regional charging network will be able to
accommodate a significant conversion
Compare Electricity Sources and Annual Vehicle Emissions to electric vehicles in coming years.

Select a state to see a breakdown of the electricity sources used to
charge EVs and PHEVSs on a local grid and compare the annual Massachusetis v | Find Data

emissions generated from vehicles using electricity from the grid, In termS Of GHG emISSIOHS, aCCOI’dIng tO

gasoline, or a combination of the two . .
the Department of Energy's Alternative

Fuels Data Cent&f the aerage

State Averages for MA

S o - et e Eomssons per Vel conventional vehicle in Massachusetts
I e z c»:u;e - produces 11,435 pounds of €O
= poun: . . .
X\\' — e £ equivalent (Cge) emissions per year. A
\ I solar 2.34% o . .
P - A..E.m,.c fully electric vehicle would also produce
o k=3 496 pounds . .
T g™ chOZp cailne emissions as a result of the fuel source
e = . . of the electrecity, however
/! ug yDri Lasoline . .
e - Massachusetts is ahead of tmational

average here with almost 1,000s. of
CQe less than the national average per EV (4,455 CQe). Every fully electric vehicle that fully
replaces a fossil fuel commuter car in Concord has the average potential to reduce emissions by 7,939
pounds of C&8 LISNJ @ SI NJ 6odc YSGNRO G2yaoo ¢KFGiQa ySI NI
SAGAYIFIGS LINPOARSR 2y /P2y 02NRQa YdzyAOALI f $SoLJd IS

How many EVs will replace fossil fuel cars? A bevy ofténg estimates on the EV market are

availad S FTNRY Ay@SadyYSyd 3INRdzLIaAS 3I20SNYYSyid F3ISyOaS:
2018 forecasts an encouraging EV adoption trend with 2025, 2030, and 2040 timétablEse

International Energy Agency produces a yearly outlook that reported gwites in 2018 and a

stronger outlook for EV market transformation by 2330 The latestDOEfigure found on electric

vehicles by state claims 1.29 pligEV registrations for every thousand people in Massachusetts for

2016, up from 0.52 in 2014

2 http://www.afdc.energy.gov/vehicles/electric_emissions.php

2 http:/www.concordma.gov/2233/EX evel2-Program

# https://about.bnef.com/electrievehicleoutlook/

¥ https://www.iea.org/gevo2018/

% https://www.energy.gov/eere/vehicles/articles/fotwl 004november20-201 7-californiahad-highest
concentrationplugvehicles
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Contibution to GHG Emissions Target

Using the GHG estimates provided by the DOE's Alternative Fuels Data Center, some ranges of EV
YIEN] SG LISYySGNYX A2y YR 3d3a20AF30SR AYLI OGa OFy 68

1 1,000 new EVthat replace traditonal vehicles would reduce emissions3HH01l MTCQe.
1 3,000 new EVthat replace traditional vehicles would reduce emissions by routhB03 MTCQe.
1 5,000 new EVthat replace traditional vehicles would reduce emissions by rout@®05 MTCQe.

The berfits of the Zero Carbon Electricity strategy low (35% renewable by 2030), mid (70% renewable
by 2030), and high case scenarios (zero carbon electricity) were @addbd DOE calculator figures to
model the synergistic effect that a greener electricitpgly would have on per vehicle EV replacements

in 2030, under those scenarios.

1 35% renewable electricity by 203@Would increase the benefits of each EV replacement from
roughly 3.eMTCQeto 3.9MTCQe.

1 70% renewable electricity by 203@ould increase thebenefits of each EV replacement from
roughly 3.6MTCQeto 4.6 MTCQe.

1 Zero carbon electricity by 203@ould increase the benefits of each EV replacement from roughly
3.6MTCQeto 5.2MTCQe.

Assumptions and Calculations

The key assumptions related to e calculations are:

1 Use ofan averageslectric vehicle as a full replacement fom average gasoline commuter vehicle
1 The efficiency of electric vehicles and traditional vehicles in terms of emissions produced.
1 The electreity generation mix in terms d€Qe resulting from electdity supplyin Concord

Scenario # EVsBase ReductionElectricity ReductionTotal by Case per E:Votal Reductior

Low Casg 1,000 3.601 0.317 3.913 3,913
Mid Casée 3,000 3.601 0.998 4.599 13,797
High Casg 5,000 3.601 1.586 5.187 25,934

% http://energy.gov/eere/vehicles/faci876-june-8-2015plug-electricvehiclepenetrationstate-2014
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Air-Source Heat Pump Incentivé&eductionPotential Summary Table
Scenario Low (,000 ASHRs Mid (2,000 ASHB's High 8,000 ASHP's
FBigljdLIJ?:gosr? Et;rzgs%G EMISSIOl - 3gesMTCQe 9,333MTCQe 16,061IMTCQe

0 i i

Eissons00TZMTCGE) 289% o6 115%
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Description of Strategy

The increased performance and energy efficiency efairce heat
pumps (ASHPs) manufactured for cold weather climates today
result of technical, manufacturing, and installation advances:

9 Variable speed invertedriven compressor designs.
I Thermostaic expansion valves for more precise control of th
refrigerant flow to the indoor coil.

Internally grooved copper tubing for increased surface area.
Improved coil design.

Variable speed blowers.

Thoughtful placement of outdoor units and improved baffles.
Growing scale of deployment and level of familiarity within t -
service industry reduog equipment, installation, and
maintenance costs while increasing overall system effectiveness.

=A =4 =4 A =4

Lessons learned from cold climafe&SHPdeployment around the world as Weas USased research,
deployment, and field testing provide an increasingly reliable fact base for comparative analysis
between heating fuel sources and specific equipment or systems. Cold climate heat pumps now
consistently show cost savings over @liecresistance, oil, and propane fueled heating systémfs
Reductions in GHG emissions vary qmr@ect-by-project basis depending on the previously employed
system, building size, grade of air sealing and insulation, new ASHP heating system insaaited
occupant behaviar Market penetration of ASHPs is increasing thanks to transformation initiatives such
as industry trainingconsumer educatiorincentiveprograms and support, improving specs, and nidre.

* https://www1.eere.energy.gov/buildings/publications/pdfs/building_america/invertiven-heatpumps
cold.pdf

* https://www.efficiencymaine.com/athome/home-energysavingsprogram/heatingcostcomparison/

% https://aceee.org/researckreport/al803

% https://neep.org/sites/default/filesINEEP_ASHP_2016MTStrategy_Report_FINAL.pdf
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Supporting Programs

CMLP has a rebate pragn in placgor homeowners and renters who install @ource heat pumps in
new or existing building¥.

Data from the MassCEC ASHP program was analy#bdthe recogniion that similar programs
employedin neighboring communities provid®@ E O S t f Séfoii undetsidriiinggregional trends and
market transformation expectation® MassCEC datprovides insight onfuel sourcereplacement.

Fuel Source Replaced Projects %
Electric 1,568 13.49
Natural Gas 4,394 37.59
Oil 4,437 37.89
Propane 519  4.4%
Wood 101 0.9%
Other or N/A 709  6.0%
Total 11,728 100.09

37.8% of rebated heat pump projects

replaced fuel oiheating systemand 37.5%

replaced a natural gas systemOveral,
86.6% of projects replaced a fuel source aside from etatstri

/| 2y 02NRQa K2YS KSI {AYy IMaF CBSESHR IBKRALF grdgrédm rfedults)gogsiing ¢ St
that an optimistic outlook is warranted for residential ASHP deployméntparticula, agingoil-fueled
forced air systemsnake goodcandidates for ASHP replacement3here are over 200 oilfueled
adaidsSvya yz2y3a /2y 02NRQa & A yidciudngsBa forced air systgmBR O2 Yy R 2

Concord Heating Fuel (Single Family and Condo) Concord Heating System Type (Single Family and Condo)
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Recognizing that a wide array of proje with varying results in terms of efficiency gains and-fuel
switching effects occurs with this type of program,actual project savings in terms gire- and post
retrofit energy usages very useful information for evaluatingthe overall potential of his strategy
Information from theConcordASHP program indicates that 50 installations were completed to date in

3" http://www.concordma.gov/1875/ApplyNow-for-an-ASHFRebate
% http://files.massceccom/get-cleanenergy/residential/airsourceheat-
pumps/Residential ASHPProjectDatabase.xIsx
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